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Tlu!  rostilts  of  ambior, t-tomporaturp  matorials 

conpatibi 1 i ty  and  storability  studios  with  chlorine  pen ta~ 
flnorid'!  (CLP^)  arc  raportod  as  an  extension  of  efforts 
conducted  under  Contract  AP04(6ll)-9563*  IhiplicfttC  sets 
of  5^»  different  materials  of  construction,  exposed  to  the 
liquid  and  vapor  phases  of  CIF^  for  a  period  of  19  months, 
exhibited  corrosion  rates  similar  to  those  demonstrated 
previously  in  50-day  materials  compatibility  studies  under 
both  ambien e-temperature  and  160  F  conditions.  Periodic 
analyses  cf  CIF^  samples  stored  at  ambient  temperatures 
in  521  stainless  steel,  606l  aluminum,  Monel  400,  and 
oxj'gcn-free  copper  for  a  period  of  15  months  indicated 
an  absence  of  propellant  decomposition  and/or  reaction. 
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Imdor  Contract  AJ0^(,l])-O^6-5,  Uockcfdync  initiated  nn  exploratory 
development  program  on  tlie  engineering  characterization  of  CllV  for  the 
purpose  of  advancing  the  state-of-the-art  of  this  storable  high-energy 
oxidizer.  During  tlie  first  year  of  the  contract,  15  November  19(i5  to 
I’l  November  l'X)'(,  the  program  consisted  of  two  phases.  Phase  1  was 
designed  to  produce  at  leant  80  pounds  of  CIF^  while  Phase  II  comprised 
the  experimental  and  analytical  investigation  of  the  physical  and  engine¬ 
ering  properties  of  CIP^,  including  density,  vapor  pressure,  critical 

properties,  surface  tension,  compressibility,  specific  heat,  heat  of 
vaporization,  viscosity,  thermal  conductivity,  dielectric  constant,  elec¬ 
trical  conductivity,  thermal  stability,  detonation  sersitivity,  materials 
compatibility,  and  storahility.  This  initial  12-month  effort  was  com¬ 
pleted  and  a  final  report  (lief,  l)  was  issued  in  April  l'X)5. 

A  12-raonth  extension  of  the  contract  was  granted  to  permit  continuation 
of  experimental  characterization  of  selected  physical  and  engineering 
properties  of  CU’^.  Primarily,  this  effort  was  directed  at  long-term 
materials  compatibility  and  storahility  studies;  ho, 'ever,  additional 
viscosity  and  electrical  conductivity  studies  were  planned.  These  areas 
of  study,  as  well  as  other  efforts  conducted  within  the  scope  of  this 
program  since  15  November  196^1,  are  described  in  terms  of  experimental 
tcclmiques  and  results. 

During  this  12-month  extension  of  the  contract,  Rocketdj-ne  supplied 
1  pound  of  99.2+  weiglit  percent  purity  ClFrj  to  the  Battollc  Memorial 
Institute  as  a  continuation  of  Phase  I  of  the  original  effort. 

During  Phase  II,  duplicate  sets  of  different  materials  of  system  con¬ 
struction  were  exposed  to  the  liquid  and  vapor  phases  of  CIF  for  a 
period  of  19  months  at  temperatures  of  50  to  100  F.  Tlie  effLts  of  this 
closed-system  exposure,  evaluated  on  the  basis  of  visual  inspection  and 

weight  gain/loss  analysis,  indicated  that  all  the  materials  were  compatible 
under  the  test  conditions. 


1 


Saraplcb'  of  Cll’_  wt'io  siorod  in  >21  sininloas  ^tocl,  (iOfil  nhiniinum, 

Monol  'lOO,  and  o\y;:cn-f rcf-  copnor  contniuors-  (initial  ulla^os  of  ^'20  to 
>0  porccnt)  for  I")  motiilia  at  nmbiont  tomporr.turcs .  In  addition  to  veolcly 
monitoring  of  rnntainor  prossuros  and  ntnbiont  tempera i.nros,  small  liquid 
and  vapor  samples  were  removed  from  each  container  and  chemically  analyzed 
monthly.  \o  siirnificant  chnnpes  verc  noted  in  pressure  or  composition 
during  tlie  entire  storage  period. 

The  viscosity  of  liquid  C1F»  from  ->8  C  (-56. P)  to  20  C  (68  F)  was 
completed  in  time  for  inclusion  in  Ilcf .  1.  Contemplated  extension  of 
electrical  cotidnctivity  measurements  vrns  deleted  from  the  planned  efforts. 

All  ('IF;,  eiurineerini!  property  data  generated  during  tlie  active  period  of 
this  p  .gram  ns  veil  as  pertinent  data  derived  from  other  programs,  have 
been  collected  and  will  be  assembled  fo  publication  in  a  (!hlorine  Penta- 
Clttoride  Fnginocriag  Properties  Ilandboolv  under  Contract  F0(j-6ll-67-('-0006. 
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m\sE  1:  ciiloiitm:  nxr,U’U;0RiDE  productkk 

OIinXTRT 

The  objective  under  Phase  I  of  the  original  12H»mtb  program  iras  the 
production  of  a  mininnun  quantity  of  8J  pounds  of  98+  percent  CIF^  and 
utilization  of  this  material  to  satisfy  Phaser  tt  propellant  requirements 
as  well  as  provide  limited  quantities  for  shitHoent  to  other  users  as 
directed  by  the  Air  Force. 

RESULTS 

The  original  Phase  I  objectives  were  satisfied  and  the  details  were 
reported  in  Ref,  1.  However,  during  the  12-month  extension  of  the  con¬ 
tract,  an  additional  shipment  of  1  pound  of  CIF^  was  made  on  19  March 
to  the  Bette  lie  Memorial  Institute  at  the  request  of  the  Air  Force.  The 
purity  of  the  CIF^,  as  determined  by  chemical  analysis  prior  to  shipment, 
was  99.2+  weight  percent.  This  shipment  was  the  sixth  such  shipment  and 
brought  the  total  quantity  of  CIF^  shipped  under  this  contract  to  approx¬ 
imately  14.9  pounds. 
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ni\si;  11:  wuirain’ ai\wcTr.tir7Anox 

•> 

oMicTrvT; 

The  prima*'y  objrctivo  of  the  12-inonth  oxtoiipioii  to  tlio  pro^iram  wax  to 
continue  the  Phase  II  chlorine  pentaf luoridc  enpirieerinp  property  deter- 
ninntions.  The  latter  included  the  followitifc: 

1.  I)ong-term  ambient  temperature  materials  comptatibility 

2.  Lonp-temi  ambient  temperature  storability 

3.  Completion  of  viscosity  measurements 

A.  Extension  of  electrical  conductivity  measurements 

LOKG-TERM  MVTIOIL  LS  COMPATIBILITY 

Experimental  Technique 

As  reported  previously  (Ref.  l),  Jh  different  materials  were  selected  for 
static  compatibility  screening  studies  with  both  liquid  and  vapor  CIF^. 
Selection  was  based  on  materials  normally  utilized  in  the  aerospace 
industry’.  An  attempt  was  made  to  select  at  least  one  representative  from 
each  class  of  materials  vtiich  would  bo  of  interest.  Simulation  of  actual 
propellant  storage  conditions  was  considered  foremost  in  the  investigation. 

All  sample  materials  (Table  l)  were  machined  into  test  disks  (approximately 
ll/l6-inch  diameter  and  l/52-inch  thick  with  a  center  hole  mcasui’ing 
0.11  inch).  An  identification  stamp  was  imprinted,  and  each  sample  was 
degreased  with  trichloroethylene  and  acetone.  Tire  metal  samples  were  then 
subjected  to  heat  treatments  compatible  with  typical  end-use  conditions 
(Table  2).  The  final  heat  treatment  or  condition  of  all  materials  tested 
prior  to  immersion  in  CIF^  is  given  in  Table  1.  After  heat  treatment, 
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MATUflAl  S  (OMI’ATIlin  ITf  S  V'A’1 1  S 


MaiiM’inI 

iieat  Treat ineiit 

or 

Condition 

(iroup  1 

1100  A1 

!  0 

1»0L»A  Al 

202V  A1 

1  T331  -  ■■AA;vA:A.:;"'r. 

2210  At 

1  T331  :  -  '''V''.' ■ 

(»0()l  Al 

T()31 

()0()()  Al 

i  T{> 

707>  Al 

!  T(> 

7070  Al 

i  T(>3i 

j'o7  Al 

0 

X7002  Al 

0 

100()  Al 

0 

(iroup  2 

Iiiconcl-X 

Ten.sile,  130,000  psi 

“O’l  Stainlofla  Stcol 

Full  Hard 

plO  Stainless  Steel 

Fnl 1  hard 

~h~  Stainless  Steel 

Full  .'lurd 

ilene '  h  1 

1030  F,  1  j;our.  air 

cooled;  1400  F, 

1(»  .'iours,  air  cooled 

Haste  1 loy-C 

Solution  ke.Tt  treated 

Nickel  200 

/Vnnea  1  ed 

Nickel  211 

Ajinealed 

Kel-F  SI 

(iroiip  ~ 

AlO  Stainless  Steel 

Tensile,  180,000  pst 

rii  15-7  Mo 

Rii!  030 

X-l  370 

SCT  830 

.VI  333 

SCT  1000 

ri:P  Teflon 

TIK  Teflon 

(iroup  4 

Monel  400 

.\nneal  ed 

Mono  1  402 

ilnneal  eri 

Monel  K-300 

Aped 

Monel  301 

ilped 

Monel  H_403 

.\nncal  ed 

Monel  305 

■Annealed 

Monel  507 

j\iinenled 

ITTP  Copper 

Hard 
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each  of  tho  metal  samples  was  pickled  and/or  resurfaced  with  No.  240 
emery  paper  according  to  Table  3  (Hef.  2).  Finally,  the  weight  and 
dimensions  of  each  samjile  were  recorded. 

The  specimens  were  divided  into  four  groups  as  indicated  in  Table  I. 

Eacl»  group  was  loaded  into  a  separate  bomb  with  specimens  of  e.acb 
material  in  both  the  liquid  and  vapor  phases.  Tliis  se[taration  of  materials 
into  groups  was  intended  to  eliminate  erroneous  results  caused  by 
possible  interaction  of  dissolved  components  between  sample  groups.  A 
set  of  four  bombs,  each  containing  an  individual  group  of  specinens,^ 
comprised  one  system  for  study. 

Each  container  bomb  assembly  was  constructed  from  a  10-inch-long,  1-inch- 
diameter,  stainless-steel  tube  with  a  stainless-steel  bcllows-type  valve 
at  the  top  and  an  AN  plug  in  the  bottom.  The  tube  was  lined  with  Kol-F 
sheet  to  prevent  galvanic  corrosion  between  the  samples  and  the  wall 
of  the  bomb. 


The  groups  of  specimens  were  suspended  on  a  Tef  lo  i-coatcd  wire  with 
alternate  Teflon  spacers.  In  addition  to  the  spacers,  each  specimen 
was  isolated  from  other  specimens,  below  and  above,  by  alternating  Kcl-F 
disks.  After  assembly,  the  specimens  nad  a  spacing  of  0.625  ii»ch.  The 
configuration  of  specimen,  spacer,  and  Kel-P  disk  is  shown  in  Fig.  1. 
This  method  of  suspending  specimens  prevented  scale  and  other  corrosion 
products  from  dropping  on  the  sample  directly  beneath,  hben  loaded, 
sample  bombs  were  suspended  vertically,  which  ensured  a  horizontal 
orientation  for  the  specimens  and  Kel-F  disks. 


Four  complete  and  identical  systems  were  loaded  with  high-pirity  uncon¬ 
taminated  (closed-system  loading)  CIF^  and  prepared  for  materials  com¬ 
patibility  screening  under  the  following  conditions: 


1.  One  system  in  a  30-day  eunbient-temperaturc  test 

2.  One  system  in  a  30-day  high-temperature  test  (l60  F) 

3.  Two  systems  in  a  long-term  ambient- temperature  test 
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Material 


Monel  400 
Monel  402 
Monel  lw500 
Monel  501 
Minel  11.405  - 
Nickel  200 
Nickel  211 
Monel  505 
lnconel_X  750 
Monel  507 
355 
M  350 

ETP  Copper 
Ilastelloy  C 
Kel-P  81 
Teflon 


Anncarnnce  lifter  Heat  Treatment 


llcav>'  scale,  some  coppering 
Heavy  scale,  rusty  appearance 
No  appreciable  scale 
No  appreciable  scale 
IIeav>'  scale,  some  coppering 

No  appreciable  scale  '''/r 

Ileav'y  scale,  no  coppering 

Heavy  scale,  no  coppering,  less  discoloration  than  Nickel  211 

Not  badly  scaled,  dark  blue  color 

Heavy  scale,  no  coppering 

Heavy  scale,  rusty  appearance 

Heavy  scale,  rusty  appearance 

No  heat  treatment 

No  heat  treatment 

No  heat  treatment 

No  heat  treatment 


^Formula  5 

Water,  cc  1000 

Ifydrochloric  Acid  (20  degrees  I^e'),  cc  500 
Cupric  Chloride,  grams  50 

Temperature,  F  180 

Time,  minutes  20  to  40 

Rinse  in  hot  water  prior  to  next  Formula  immersion 


Formula  7 

Vater ,  ec 

Codium  Ilydroxidc,  grams 
Potassium  I'ermangauatc,  g 
Temperature,  F 
Time,  hours 

Rinse  and  pickel  iii  Form;! 


Formula  6 

Water,  cc  1000 

Siilfiuric  Acid  (06  degrees  Be'),  cc  100 

Sodium  Dicliromate,  grams  132 

Temperature,  F  70  to  100 

Time ,  minutes  5  to  16 

Rinse  in  cold  water  and  neutralize  in  1  to  2  v/o  ammonia 


Fcrci'.: 

Water,  cc  i 

Nitric  Acid  (42  degrees  li 
Ifydrofluoric  Acid  ueg: 
Temperature,  F,  mjiximi’si 
Time,  minutes 

i\dd  7  to  10  grams  ul  onimi 
solution. 

Caution;  Samples  are  sub,' 
attack  in  tNis  solvition.  ; 
a  minimitm.  I 


TAllLE  5 


iL'ADNd  TliKATMlAT 


ivJa  No.  10 


fci'ln  10 


[)(‘scal  iinr  Troatincnt 


lormula  5^  (50  raimitos),  followed  by  Formuln  0*^  (lO  lainutos) 

[•'orinula  5  (30  minutes),  followed  by  Formula  6  (lO  minutes) 

Formula  5  (30  minutes),  followed  by  Formula  0  (lO  minutes) 

Formula  5  (l  uour),  followed  by  Formula  (>  (20  minutes) 

Formula  5  (l  Iio»,u‘)»  followed  by  Formula  6  (20  minutes) 

Formula  >  (l  ijoiu'),  followed  by  Formula  6  (lO  minutes) 

Formula  5  (l  hour),  followed  by  Fonaula  0  (lO  minutes) 

Formula  5  (l  hour),  followed  by  Formula  6  (20  minutes) 

C  cl  G 

Formulas  7  ,  10  ,  and  3  ,  respectively;  no  results;  finally  sanded  with  emery 
Formula  5  (l  aoiu"),  follo'ia’d  by  Formula  (>  (20  minutes) 

24.7  w  o  1C'.0^  at  ambient  tempera titre 
24.7  w/o  IG10_  at  ambient  temperature 


grams 


1000 
260 
67 
212 
1  to  2 


1000 

3e  * ) ,  cc  296 

igrces  Be'),  cc  50 

125 

5  to  60 

ivm  or  iron  per  1000  cc  of 

Lbject  to  intergranular 
^  Keep  immersion  time  to 


Formula  3 

Water,  cc  1000 

Sulfuric  Acid  (60  degrees  Be'),  cc  1500 

Nitric  Acid  (42  degrees  Be'),  cc  2250 

Allow  to  cool  and  add: 

Sodiiim  Chloride,  grams  30 

Temperature,  F  70  to  100 

Time,  seconds  5  to  20 

Uiiisc  in  water  and  neutralize  in  dilute  ammonia 


a 


mENTUl 
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Figure  1.  Suspension  of  Sample  Disks 


In  the  closed-system  loadinfi:  of  CIF^,  each  bomb  was  first  passivated 
with  CIF^  vapors  at  25  paif?  and  loaded  with  liquid  so  that  half  of  the 
samples  were  exposed  to  tlic  liquid  and  an  identical  half  to  the  vjxpora. 

The  closed-system  transfer  of  CIF^  into  tlie  bombs,  from  a  calibrated 
supply  system,  was  used  to  prevent  air  and  moisture  contamination  of  CIF^. 

In  addition  to  those  tests,  a  select-d  <jrroup  of  samples  was  studied  in 
a  preliminary  compatibility  test  with  moisture  and  air  contam¬ 

inated  CIF^  at  a  controlled  temperature  of  86  ±2  F.  Sample  ’  orabs  for 
each  material  specimen  were  fabricated  from  Teflon  and  loaded  with  CiF^ 
in  a  direct  open-air  transfer.  Ttis  test  was  used  to  evaluate  the  effect 
of  handling  CIF^  under  contaminated  system  conditions.  The  ClFj  was 
obviously  contaminated  with  air  and  moisture  that  luid  condensed  on  the 
prechilled  bombs. 

This  test  program,  with  the  exception  of  the  long-term  ambient-temperature 
tests,  was  concluded  during  the  initial  12  months  of  the  contract  and 
reported  in  Ref.  1.  Long-term  amhieni-temporaturc  tests  were  initiated 
on  two  complete  and  duplicate  systems  during  this  period  (April  I')6A) 
and  continued  through  the  12-month  extension  of  the  contract.^ 

Results  and  Discussion 


Long-term  materials  compatibility  screening  tests  with  CIF^  were  concluded 
in  November  1^5  after  19  months  (580  days)  of  closed-system  storage  at 
prevailing  ambient  temperatures  ranging  from  30  to  100  F.  The  compat¬ 
ibility  bombs  were  opened  in  a  controlled  atmosphere  box  under  a  dry 
gaseous  nitrogen  atmosphere.  After  removal  from  the  CIF^  liquid  and 
vapor,  the  material  specimens  were  dried  by  dry  nitrogen  gas  over  a 
period  of  ~24  hours.  The  specimens  wore  transferred  under  a  dry  inert 
atmosphere  to  a  weighing  dish.  Weights  and  surface  conditions  of  the 
materials  were  noted  and  recorded. 
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ItosiiHs  of  tlio  Ionf:-i,<>rni  motorifils  compiitiJii  1  i ty  nr*'  surnmari'/fd 

in  Table  >i.  The*  {rroiip  numbi'f  assitcncd  to  e«(dr  material  identi f i«'«  the 
container  in  wbicli  it  \as  tested  and  relatea  nuiterials  test(‘d  tofiether. 

V.Cifitif  elianees  in  the  miiterinls  are  eivon  in  three  different  units, 
milligrams  per  square  dee.imeler,  millifri'ams  per  square  decimeter  per 
day  (nidd),  and  mils  pei-  year,  represen tinjx  various  means  of  comparing: 
corrosion  rate  data.  In  the  nomiuiclature  used  in  material  vci<:ht  ftain/ 
loss  analysis,  a  positive  sijrn  represents  a  weiftht  loss;  otherwise  a 
weifiht  ;iain  is  indicated.  The  visual  appearance  of  the  materials  is  the 
condition  of  the  surface  before  extended  exposure  of  the  specimens  to 
air  (and  moisture). 

These  data  are  compared  to  lu  suits  from  previous  ambient- 

temperature  and  l()0  F  tests  (lief,  l)  in  Table  5.  The  comparison  is 
based  on  wci;iht  chancre  per  exposed  surface  area  (mfi/sq  dm)  without  a 
time  factor.  This  method  was  selected  because  it  was  apparent  that  cor¬ 
rosion  (weiy;ht  loss)  and  passivation  (weight  gain)  rates  based  on  the 
long-term  tests  were  very  small  in  comparison  with  those  based  on  short¬ 
term  tests.  The  significance  of  this  is  discussed  in  the  following 
paragraphs. 

No  metallographic  studies  wore  conducted  on  tlie  long-term  specimens, 
to  compare  with  those  conducted  previously  (Ref.  l)  because  of  cost 
limitations.  However,  all  specimens  have  been  retained  and  can  be 
tested  if  future  funding  is  available. 

Aluminum  Alloys.  All  aluminum  alloys  tested  demonstrated  weight  losses 
in  both  the  liquid-exposed  and  vapor-exposed  specimens.  The  magnitude 
of  the  weight  losses,  which  was  similar  for  each  alloy  tested,  was  well 
within  the  corrosion  resistance  rating  level  (  '^2.0  mils/ycar)  established 
as  excellent.  It  was  noted  that  materials  tested  in  container  IB 
generally  exhibited  sliglitly  greater  weight  changes  then  those  tested 
in  container  LA. 
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MATERIAIB  COMPATIBILITY"  RESULTS*  FOR  580-DAY  A>IBIENT-TEMPER.\TUiai  LXPOSLTIES  TO  CIF 


*A  alp  ladieataa  a  wtlcfai  loaa;  otbarvlaa  a  wf||bt  fata  waa  obaarra^ 

**GreBp  raprcaaata  taat  eaataiatr 
(?)Iadlcataa  a  probablt  vci^t  acaaoraBaat  crrtr 


*A  p«iiitiv#  *1(11  Icdleat#*  Ib»*i  ot^#nrtii»  v^tght  fBin 

•ntspllcAt*  tMiil#*  w»r«  teat«4  «ad»r  —m  t»rt  cMiiltiMi*  r»»«ltlnc  U  tw*  tet*  iwtete 
(?)lnAleatM  ft  probftbU  —■ ftrt— t  mrvr 
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S;R  sc  PS  S3  RS  *f:  SS  ££  tS  ffS  8Si  C  S»  **  S 


Materiel  Welcftl  (banee,  m  vq  A* 

tiquid-^^poaod  Kaapte* 

I'aper^l^rprtdiM  ^-aeipfe* 

50-l>ar,  aabtefit 

W-Oay  ,  IbO  r 

•Wl.Oay**,  Mbient 

M)-nnv.  aabtent 

TO-T'ay.  JWt  ¥ 

5«0-f'arT^aa#>ient, 

)4onrt  bOO 

w.*s 

5.05 

5.70 

51.10 

5.9*» 

It. 65 
.  1.9T 

Moarl  >i02 

50.10 

*5.15 

11.65 

7.71 

:1.’0 

+1.95 

1.9! 

7.59 

Honel  R-J»0*{ 

55  .Oi' 

+9.01 

57.64 

7.65 

AO-25 

9.00 

57.64 

7.64 

HeneS  K-ywV 

50.09 

t.91 

el.it 

1.91 

lo.oo 

5.91 

7.72 

*1.91 

Mnnel  501 

61.55 

25.55 

21.12 

11.21 

V.’<t 

1,00 

27.05 

17.27 

Honri  505 

*50.10 

9.»4 

2.0! 

«.79 

0 

n.fl4 

2.01 

M*Miel  >17 

»!.n 

57.00 

JO.  12 

12.02 

V2.17 

*7.10 

10.00 

14.10 

ITP  Cojjper 

55.20 

51.50 

15.51 

5.00 

27.25 

11.76 

. 

21. 1A 

5.00  . 

Knnaotalltee 

nr  Teflon 

— 

1U.9 

3«.% 

105.90 

157  9 

Tn:  tofloB 

K*l-f  01 

1  1 

5t.O 

197.5 

720.1? 

755.02 

A0  90 

T7I>.2 

59!. 19 

711.50 

*A  p««ltir«  dlfpi  in4icat««  oth«ivl*#  ««t«ht  c*1b  «•«  obfirnrMl 

**t>upUr«t«  ttMplM  w«r«  t^iitMl  under  tuw  test  rondltienn  r<>«altiiui  ia  tv»  data  point* 
(?)tn4teat«t  a  probable  veifht  aeatiureaent  error 
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Visual  oxaniitmtiou  of  tlio  a  >.  •.  rimm  sprcimrns  indicated  very  little  or  no 
change  in  ti  v‘  •.<rfnce  oi  «ny  sp^c-mon.  Xo  corrosion  pitting  was  obvious 
and  the  snrt'ar.-v  possessed  the  same  bright  appearance  of  tlie  pretest 
condition.  Soi.  ■  dulling  of  this  shiny  condition  was  noted  nfter  the 
specimens  liad  been  exposed  t-  air  f«»r  several  days. 

The  results  exhibited  hy  the  aluntinua  alloys  during  the  long-term  t«  ts 
were  slightly  different  from  t)  is.,  -r.hibited  previously  during  30-day, 
ambient-tempcj'ature  and  KiO  I'  tests  as  shown  in  Table  5.  During  the 
shorter  term  tests,  four  of  the  imbifit  test  samples  and  all  of  the  160  F 
test  samples  shoved  weight  gains  (indicative  of  passivation)  instead  of 
weight  losses.  Comparison  of  those  that  exhibited  weight  losses  shows 
that  the  magnitude  of  the  weight  change  wa.s  generally  similar. 

Austenitic  Stainless  otccls.  The  300-series  stainless  steels  demonstrated 
(Table  voiy  small  weight  gains  in  the  liquid-exposed  samples  and  some 
eer.fiicting  results  for  the  vapor-exposed  samples.  (The  value  shown  for 
the  3i0  stainless  steel  specimen  exposed  to  CIF^  vapors  in  container  211 
appears  to  bo  a  discrepancy  and  probably  represents  an  error  in  pretest 
weight  measurement.)  This  small  change  in  weight  is  further  supported  by 
visual  observations  in  which  no  change  was  noted  in  surface  appearance. 

Table  5  shows  that  the  magnitudes  of  weight  gains  during  the  long-term 
tests  were  comparable  to  the  160  F  tests  and  slightly'  less  than  those  of 
30-day'  ambient  tests. 

Nonaustenitic  Stainless  Steels.  Of  the  nonaustenitic  stainless  steels 
tested,  the  PII  15-7  Mo  and  AM  350  samples  showed  slight  weight  gains,  with 
larger  weight  gains  experienced  with  the  AM  555  and  410  stainlcss-stccl 
samples.  Surfaces  of  all  specimens  of  this  group  were  discolored  and 
dull,  with  slight  surface  attack  noticeable  at  spots  on  the  AM  350  and 
AM  355  specimens.  Although  there  appeared  to  be  a  thin  film  or  coating  on 
all  of  the  specimens,  this  film  was  quite  obvious  on  the  410  stainless- 
steel  specimen. 


Tho  mntorial  weight,  giiinn  per  unit  area  were  Rimllar  for  each  of  these 
speciniens  over  the  various  test  conditions  (Table  5)»  except  for  the  PIf 
15-7  Mo  specimen  which  exhibited  leas  change  during  the  long-tenn  tests 
than  in  the  shorter  tests. 

Nickel  and  Nickel  Dase  Alloys.  liong-temi  exposure  of  the  nickel  and 
nickel  base  alloys  to  liquid  CIF^  resulted  in  small  weight  gains;  however, 
g.^nerally,  the  vapor-exposed  samples  experienced  small  weight  losses  (a 
probable  weight  measurement  error  exists  in  the  high  value  for  Hastelloy-C 
specimen).  The  nickel  211  and  Inconel  X-750  specimens  were  discolored 
and  dull  with  some  evidence  of  surface  reaction.  Surfaces  of  the  Hone  41 
and  nickel  200  specimens  had  only  very  slight  evidence  of  film  formation 
(i.e.,  slight  dulling  and  discoloration  of  the  surface  finish),  while 
all  Hastelloy-C  specimens  showed  no  evidence  of  surface  reaction. 

In  general,  comparison  of  results  of  the  various  test  conditions  for 
the  nickel  and  nickel  base  alloys  indicated  some  similarities  between  the 
160  F  and  long-term  ambient  tests,  but  very  little  agreement  with  the 
30-day  ambient  tests.  It  should  be  noted  that  very  similar  conclusions 
were  in  evidence  in  the  Table  5  comparison  of  the  austenitic  stainless 
steels.  These  tw'o  types  of  materials  shared  the  came  test  container 
during  each  of  the  test  periods. 

Copper  and  Monel  Alloys.  The  copper  and  Monel  alloys,  subjected  to  long¬ 
term  exposure  to  CIF^,  experienced  weight  gains  of  relatively  slight-to- 
modcrate  magnitudes.  Although  all  of  the  Monel  surfaces  were  discolored 
and  dull,  evidence  of  attack  on  the  two  cast  Monels,  505  and  507,  was 
demonstrated  in  the  form  of  surface  pitting  in  the  area  of  the  identi¬ 
fication  indentation.  The  K-500  and  402  specimens  showed  no  evidence  of 
local  attack,  while  the  400,  R-405,  and  501  specimens  bad  small  areas  of 
dark  grey  spots  indicative  of  some  sort  of  localized  attack.  No  attack 
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was  visiblp  on  tho  surfaces  of  the  ETP  copper  sp  ecimens  with  only  a  dul¬ 
ling  of  the  surface  finish.  This  dullness  was  increased  with  continued 
exposure  to  air. 

Similar  results  (Table  5)  were  experienced  with  previous  exposure  of  the 
copper  and  Moriel  alloys  to  CIF^  during  30-day,  ambient-temperature  and 
160  F  tests,  but  the  magnitude  of  the  weight  gains  were  generally  larger 
during  the  30-day  ambient  tests.  In  addition,  some  weight  losses  had 
been  measured  during  the  160  F  testing  of  this  group. 

Nonmctallics.  Long-term  testing  of  the  nonmctallics,  FEP  Teflon,  TFE 
Teflon,  and  Kel-F  81,  resulted  in  the  expected  large  weight  gains 
experienced  in  previous  testing.  All  of  the  specimens  absorbed  small 
amounts  of  CIF^  with  magnitudes  between  materials  running  in  the  order 
of  Kel-F  81  >  FEP  Teflon  >  TFE  Teflon.  No  visible  attack  was  noticeable 
on  the  Kel-F  81  specimen;  however,  both  Teflon  specimens  had  black  dis¬ 
coloration  around  the  perimeter  surface. 

General  Summary.  In  summarizing  the  results  of  the  long-term  materials 
compatibility  tests  as  well  as  their  comparison  with  previous  short-term 
tests,  it  was  obvious  that  none  of  the  materials  tested  showed  evidence 
of  severe  attack  by  either  the  liquid  or  vapor  phases  of  CIF^  under  the 
conditions  tested.  Although  there  was  a  wide  range  of  variation  in  the 
magnitude  of  weight  changes  and  visual  appearances  between  the  various 
samples,  the  resistance  of  all  materials  tested  (to  attack  by  CIF^)  would 
be  placed  in  the  excellent  category.  The  magnitude  of  weight  changes 
for  all  materials  under  all  conditions  was  very  small  based  on  accepted 
corrosion  standards  (i.c.,  excellent  ratings  are  given  to  materials  iH.th 
<  2  mils/year  change). 

Of  the  metallic  materials,  only  the  aluminum  alloys  showed  definite  weight 
losses,  indicative  of  corrosion.  (However,  there  was  visible  evidence  of 
corrosion  in  other  groups,  i.e.,  Monels  and  nonaustenitic  stainless  steel, 
although  overall  sample  weight  gains  were  noted.)  Veight  gains,  indicative 
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of  a  passivation  film  formation,  woro  notod  and  obscn'ed  on  most  of  tlio 
other  materials.  However,  visual  observations  indicated  that  the  passi¬ 
vation  film  was  not  "fluffy"  and  did  adhere  to  the  metal.  In  addition, 
verj'  little  evidence  of  additional  reaction  appeared  following  lengthy 
exposure  of  the  posttost  specimens  to  air  (and  moisture).  The  Group  2 
materials,  particularly  the  austenitic  stainless  steels,  nickel  200, 

Rene  41,  and  Ilastelloy-C,  showed  veiy  little  evidence  of  any  surface 
reaction. 


Some  discrepancies  were  noted  in  comparison  of  results  between  the  , 
various  test  conditions;  but,  for  the  most  part,  there  was  agreement. 

In  one  particular  case  (30-day  ambient  tests  of  Group  2  materials),  the 
discrepancies  may  have  been  caused  by  very  slight  moisture  contamination 
or  slight  change  in  the  CIF^  composition  loaded  into  a  particular  con¬ 
tainer.  This  conclusion  was  reached  because  of  the  uniform  discrepancy 
created  with  all  specimens  in  that  container. 

Because  of  the  agreement  in  the  magnitude  of  weight  changes  per  unit 

area  (and  large  differences  based  on  rate)  between  results  from  various 

conditions,  it  is  concluded  that  most  of  the  reaction  of  the  CIF- 

5 

(either  passivation  or  corrosion)  with  the  metallic  samples  occurs  on 
initial  contact.  After  that  point,  provided  there  are  no  additional 
changes  created  by  external  conditions  (such  as  propellant  composition 
change,  dynamic  movement  or  jarring  loose  of  the  passive  film),  very 
little  reaction  is  expected. 


In  static  applications,  the  Teflon  and  Kcl-i*  plastics  appear  to  he 
acceptable;  however,  these  materials  do  absorb  CIF^  liquid  and  vapor. 
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CONfWJiAl, 

LO\T.-TMlM  STOILVBILITY 
Experimental  Tochniquo 

Long-term  ambient-temperature  ClEj,  atorability  tests  were  c.re’ductod 
in  four  large-capacity  bombs,  6.5  inches  long,  1.5  inches  in  ID,  and 
having  a  l/S-inch  wall  thickness.  A  typical  bomb  is  shown  in  Fig.  2. 

The  four  bombs  and  their  top  flanges  were  machined  from  321  stainless 
steel,  606l  aluminum.  Monel  400  (cold),  and  oxygon-free  copper  stock, 
respectively.  The  flanges  were  scaled  with  Teflon  O-rings,  Stainless- 
steel,  bourdon-tube  type  pressure  gages  were  used  on  each  bomb  to  monitor 
vapor  pressure  fluctuations.  Valves  (3^0-series  Hoke),  used  in  con¬ 
junction  with  a  sampling  tee  (as  shown  in  E’ig.  2)  and  the  pressure  gage, 
were  constructed  of  the  same  material  as  the  bomb  except  for  the  copper 
bomb,  which  utilized  Monel  valver .  ihe  positioning  of  the  three-valve 
arrangement  on  each  bomb  allows  for  easy  sampling  of  both  liquid  and 
vapor. 


Each  bomb  was  cleaned,  dried,  and  passivated  prior  to  closed-system 
transfer  of  approximately  300  grams  (I67  cc)  of  high-purity  CIP^  into 
the  bombs.  The  initial  ullages  were  kept  small  to  maintain  exposure  of 
a  large  metal  surface  to  the  liquid  and  to  readily  show  any  significant 
pressure  rises  indicative  of  propellant  breakdown.  After  loading,  the 
bombs  were  transferred  to  an  outdoor  storage  observation  area  and  stored 
at  prevailing  ambient  temperatures.  The  initial  chemical  analyses  of 
the  storability  samples  .•ere  conducted  from  9  to  I3  November  1964; 
thereafter,  chemical  ana^ys.'s  of  liquid  and  vapor  phase  samples  from  the 
bombs  were  conducted  at  approximately  monthly  intervals.  In  addition, 
the  ambient  temperature  and  the  internal  pressures  of  the  containers 
were  measured  and  recorded  weekly. 


The  transfer  of  a  representative  liquid  sample  (~4  cc)  from  a  storability 
bomb  was  accomplished  by  inverting  the  bomb  and  connecting  it  to  a  vacuum 
line.  After  passivation  of  the  transfer  system  and  sampling  tee  with  CLP 
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6.\Dfil-ll/l8/64-Cl 


Figure  2.  Long-Terra  Storability  Bomb 
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anil  snbspqnont.  ovacnation,  iho  ti’o  outlot  valve  was  closed,  flic  bomb 
outlet  valve  was  opened  to  fill  tin  tee  with  liquid  CIF_  and  tlien  closed. 
The  tee  outli't  valve  was  opened  and  the  liquid  sample  expanded  on  a 
vacuum  line  into  a  1.7-liter  stainless-steel  pas  sampler.  This  sampler 
was  connected  to  the  inlet  manifold  of  a  pas  chrotnainpraph  and  infrared 
cell  for  a  simultaneous  analysis  of  all  constituents  by  a  combination 
of  pas  chroma topra[)hy  and  infrared  spectrophotometry.  Vapor  phase 
samples  were  similarly  transferred  and  analyzed  with  the  bomb  in  a  normal 
upripht  position. 


Weekly  monitorinp  of  the  container  pressures  was  established  as  a  crude 
check  of  potential  decomposition  or  reaction  of  the  storability  sample.s, 
rather  than  an  accurate  pressure-temperature  measurement.  This  was 
accomplished  by  openinp  the  bomb  outlet  valve  and  Rape  inlet  valve,  and 
rocordinp  the  value  from  the  pape;  these  two  valves  were  tlion  closed. 
This  procedure  of  cloiinp  the  valves  between  measurements  was  used  to 
offer  more  protection  apainst  the  accidental  loss  of  the  storability 
samples.  Temperatures  were  recorded  from  a  laboratory  thermometer, 
which  was  placed  in  the  immediate  vicinity  of  the  storability  bombs. 

Results  and  Discussion 

The  eleventh  and  final  analyses  of  the  storability  samples  under  this 
propram  were  conducted  from  7  to  13  December  1965  to  complete  stox’ape 
periods  of  approximately  13  months.  Durinp  this  time,  prevailinp 
ambient  temperatures  at  the  storape  site  ranpod  from  ~30  to  100  F. 


Results  of  periodic  chemical  analyses  of  samples  from  CIF^  stored  in 
321  stainless  steel,  606l  aluminum.  Monel  400,  and  copper  arc  presented 
in  Tables  6  through  9,  respectively.  Each  table  shows  the  dates  and 
results  of  the  liquid  (given  in  weight  percent)  and  vapor  (given  in 
volume  or  mole  percent)  phase  analyses,  the  accumulated  storage  periods, 
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NOTE;  Explanatory' notes  relating  to  this  table  are  presented  on  page 
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TABIJE  9 

RESULTS  OF  LONG-TERM  STORAGE  OF  CIF^  IN  COPPER* K 


CONFIDENTIilL 
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NOTE:  Explanatoi’y  notes  relating  to  this  table  are  presented  on  pa 


I,M'L\\AT0UV  XOVI-.S 


The  folloviiu!:  notes  are  applicable  to  Tables  (»  ibrou£:h  9. 

1.  Initijvl  containcT  voluiac  of  20<').9  re;  loaded  with  101  prams  riF_ 

2.  Storage  p<'j‘iod  is  elaji-ed  storage  time  since  initial  analysis 

3-  llepresents  liquid  volume  caleulat«'d  before  indicated  sample 
is  removed 

4.  Also  could  include  X„,  0,^,  Ar,  etc;  infrared  analysis  indicates 
values  >  0.3  v/o  are 

3.  llepresents  ullage  calculated  at  22  C  (Tl.l»  F)  before  indicated 
sample  is  removed 

6.  Not  analyzed  because  of  Inoperative  instrument 

7.  Values  questionable;  pi  iiably  contamination  of  aralytical  sample 
during  transfer  of  sample  from  bomb  to  analytical  apparatus 

8.  Initial  container  volume  of  231.3  cc;  loaded  with  206  grams  C1F_ 

5 

9.  Initial  container  volume  of  218  cc;  loaded  with  288  grams  CH'rj 

10.  A  reaction  occurred  during  initial  pressure  measurements;  all 
subsoqi^.e  •'  vapor  phase  analysis  results  affected 

11.  Initial  container  volume  of  215  cc;  Loaded  with  302  grams  CIF^ 
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Olid  t lie  preanalysis  liquid  volumes  or  ullages,  Tlie  liquid  volumes  and 
ullages  nt  eaeli  otialysis  wore  cnlciilnted  from  the  weight  of  CIF^  remaining 
in  the  bombs  from  the  previous  analyses  and  based  on  a  propellant  density 
of  1.8  corresponding  to  the  established  density  at  a  propellant:  tern- 
lierature  of  C  (71. li  f  ). 

Results  reflected  in  the  liquid  phase  analyses  indicate  there  were  no 
significant  changes  in  the  composition  of  the  storabitity  samjfles  or  any 
apparent  differences  in  effects  between  the  four  storage  materials.  The 
fractional  changes  in  quantities  of  the  different  components  ore  within 
the  inherent  experimental  error  of  the  analytical  techniques  and  do  not 
represent  any  trend  toward  reduction  or  buildup.  la  some  instances, 
there  are  questionable  values  noted;  these  have  been  attributed  to  minute 
contamination  of  the  transfer  system  with  moisture,  etc.  during:  removal 
of  an  assay  sample  from  the  bomb.  T1  ^  hook-up  and  use  of  a  system  to 
transfer  a  small  amount  of  the  storability  sample  to  the  analytical 
apparatus,  without  contamination  of  the  assay  sample,  represented  the 
mos’  diifii  it  part  of  the  test. 

Simi  ('suits  are  shown  in  the  analyst  ■  of  vapor  phase  compositions. 

The  va;  hi  ‘  analysis  was  u?  fd  primari  .  to  observe  any  sipgiificant 
increase  of  l  iuorine  in  the  systoii:  liowever  such  an  Increase  was  not 
evident  in  any  of  Hie  cf 'Hainors.  Tit  luH  iai  high  analysis  of  F,,  + 
in  the  vapor  phase  .  ’  ly  r>m  was  caused  by  a  reaction 

that  occurred  in  the  pr>  ".ro  i  mrug  ,ii  container-pressure 

measurements.  The  effi  cts  :  ifactio:.  on  tin  vapor  composition  in 

the  Monel  bomb  is  clearly  demonstrated  during  subsequent  analyses.  The 
intermittent  appearance  of  unusual  results,  such  as  GIO„  content,  was 
again  caused  by  sampling  problems. 

Results  of  weekly  measurements  of  container  pressures  also  indicated  the 
absence  of  propellant  breakdown  and/or  reaction.  Although  the  pressure 
measurement  results  were  erratic,  significant  gross  pressure  buildups 
were  not  noted.  Approximate  differences  between  the  recorded  pressures 
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and  tlu'  vapor  prrssuro  of  tlio  Clt'f.  at  tlio  ot>fsorv<’d  amhirnt  tompcraturr 
rariRod  from  -7  to  20  psi  witli  no  siifmificnnt  difforonroa  obsoi’V'od 
brtwron  containotf^  durinj'  a  particular  #>0!  of  mcastircmcnts .  The  differ™ 
oner  botwpptt  the  container  prof^suro  and  the  \apor  prossurc  at  the  recorded 
temperature  was  attributed  to  the  following  faetorsr 


1.  The  temperature  of  the  outoide  thermometer  did  not  accurately 
reflect  the  temperature  of  the  C1F_. 

2.  Ko  attempt  was  mtide  to  achieve  a  liquid/vapor  equilibrium. 

3.  After  the  first  fev  measurements,  the  indicator  needle  on  t.ie 
gages  began  to  stick;  it  was  necessary  to  jar  the  needle  loose. 
The  accuracy  of  the  gages  after  that  point  was  questionable. 


On  the  basis  of  these  results,  there  was  no  evident  decomposition,  bi'eak- 
dow);,  and/or  gross  reaction  of  CIP^  when  stored  under  uncontaminated 
conditions  in  3-1  stainless  steel,  606I  aluminum,  Monel  ^lOO,  and  oxj'gen- 
froe  copper  containers  over  a  13-month  period  at  temperatures  of  ~30 
to  100  F.  Those  results  verify  the  original  conclusions  reached  in 
Ref.  1. 


Future  Effort 

The  GIF-  storabilitv  tests  will  be  continued  o\'er  the  next  several  vears 

5  '  * 

under  a  nocketdjTic-sponsored  effort.  Chemical  analyses  of  liquid  and 
vapor  samples  will  be  conducted  at  yearly  intervals  and  the  results 
will  be  reported  to  the  appropriate  government  and  industrial  laboratories 


VISCOSITY 

During  the  initial  12-month  period  of  the  contract,  experimental  liquid 
CIF^  viscosity  measurements  were  conducted  with  a  modified  (Zhul<ev) 
Ostwald  Viscometer  over  a  temperature  range  of  5  C  (41  F)  to  20  C  (68  F). 
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Coiifimiaiinn  of  tlicso  monsui’oinoiits  over  a  wlclor  tonperaturt*  ran  fro  was 
plannot!  in  tho  oxtonsion  of  I  n*  contract.  Tlio  additional  moasurements , 
wliicli  oxtondod  tho  toinjioi-nturo  raiifto  to  -^8  C  F)  and  improved 

tho  accuracy  of  tho  -iirinnl  moasuromonts,  were  complotod  duriiifr  tho 
tliii'toontli  month  of  tho  projrram.  Because  of  this  early  eomplotinn  date, 
it  was  possible  to  include  all  of  the  data  in  Ilef.  1. 

ELFCTRICAL  CONDltCTR'lTY 

The  specific  conductivity  and  dielectric  constant  of  the  CIP^  liquid  and 
vapor  phases  were  measured  during  the  original  12-month  effort.  Addi¬ 
tional  effort  on  a  chemical  analysis  technique  for  determining  IIP  content 
in  CIF^  through  use  of  electrical  conductivity  or  dielectric  constant 
measurements  was  contemplated  during  the  12-month  extension,  llowcx-er, 
this  work  was  dropped  because  of  a  lack  of  remaining  funding. 


ENGINEERING  PROPERTIES  MNDBOOK 

All  ClFrj  engineering  property  data  generated  in  this  program,  as  well  ns 
pertinent  data  derived  from  other  programs,  have  been  collected  and  will 
be  assembled  in  a  Chlorine  Pentaf liioride  Engineering  Properties  Handbook 
under  Contract  F04-611-67-C-0006. 
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1.  ,  Final  lU-pitri,  Protwtraiioii  .ttirt  C)ini’.'>ct,('ri/alion  of  a 
Xov  lH.)':li  Kn<*r;c^‘  Ovidi/ci*.  UacUotdynr,  a  Divi;4ion  of  N'orth  American 
Aviation,  Inc.,  Canola  Park,  California,  April  1%*,  C0NTTI)1!NTL\L. 

2.  Technical  Ihillctin  T“20,  Itcatiii"  ami  Pickling  Hunting: ton  Alloys',  The 
International  Nickel  Company,  Inc..,  lIuntitiRton,  West  Virginia. 


AI’I>I.M)tX  A 


ArupL-Tu-«)^-',i  rjuLMA  srnin' 

1 .  On  jKtfit'  l~),  the  vn|Hir  [ii-o.«.«iire  at  20  ('  ((<H  I’)  .stioutd  rcaO  l.ll 
at raosplieiTsi  ('i8.7  psia). 

2.  On  page  15,  tlie  compressibility  (isothermal)  at  20  C  (6H  P)  should 
read  >.0/i  x  10"^‘  at  (2,0?  x  10“^^  pai"^). 

3.  On  jiage  li2,  line  10  should  read.  .  .  foimd  to  he  4.066  x  lO”^  cm, 
and  Sj  ia  2,07  x  10“-’  psi"^  at  20  C. 

4.  On  jmge  82,  under  Group  1,  Table  12,  30'Ki  A1  should  read  ^086  Al. 

5.  0»i  page  88,  Table  14,  the  liquid-exposed  samples,  ambient-temperature 
rate  of  Inconel  X7'30  should  be  1.247  instead  of  1.9. 

The  vapor-exposed  samples,  ambient  temperature  rate  for  Monel  K-500 
should  read  1.03  instead  of  1.04;  for  Inconel  X730  it  should  read 
1.25;  fur  7075  aluminum  it  should  read  0. 180;  and  for  316  stainless 
steel  it  should  read  1.572. 

().  On  page  101,  the  last  line  should  nad.  ,  .  initiated  on  3  Xoveraber  1064. 


PREVTWS  PAGE  WAi?  BLANK,  THEREFOPE  WAS  OTT  FIIMED 
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